INTRODUCTION {#s1}
============

Ulcerative colitis (UC) is a chronic, refractory, and progressive inflammatory disease of the intestinal tract, which is characterized by persistent or relapsing symptoms including bloody diarrhea, anemia, and abdominal pain ([@R1],[@R2]). Ample evidences support an essential role of the gut microbiota in contributing to intestinal inflammation ([@R3]--[@R8]). Inducing remission and maintaining the long-term remission are the imperative targets of various treatments in patients with UC. The efficacy of 5-ASAs, corticosteroids, and immunosuppressants is modest for the refractory patients in the long-term treatment ([@R9],[@R10]). In addition, the possibilities of causing serious adverse events (AEs) and loss of response were the pressing problems of biologics in clinical practice ([@R11],[@R12]). Therefore, more effective and safer treatment strategies are being evaluated for UC.

Increasing studies have demonstrated that fecal microbiota transplantation (FMT) could induce and maintain remission in patients with UC by remodeling the construction of gut microbiota in a short-term observation and has a low incidence of serious AEs ([@R9],[@R13]--[@R19]). However, few studies touched on the frequency of FMT in UC for maintaining the long-term clinical benefits. Recently, our group reported that patients with Crohn\'s disease (CD) who achieved clinical remission from the first course of FMT should undergo the second course of FMT in less than 4 months after the initial course of FMT for better clinical outcomes ([@R20]). We hypothesized that the timing of the second course of FMT in UC and CD might be basically identical.

In addition, unfavorable alterations of the gut microbiota composition have been reported in UC over the past decade, including reduced diversity and a shift in bacterial taxa, especially a significant decrease of numerous short-chain fatty acid (SCFA)-producing bacteria ([@R21]--[@R23]). It is of great significance to search for microbiota that are related to the progression and recovery of disease as targets for treatment.

The present study aimed to explore the optimum timing of administering the second and third courses of FMT in UC and to target the microbiota that may help to predict the long-term success or failure of FMT. These results will be essential for the clinicians to consider sequential FMTs into clinical practice as a long-term treatment strategy for UC.

METHODS {#s2}
=======

Patients {#s2-1}
--------

This study as a part of a clinical trial (NCT01790061) was conducted at the Second Affiliated Hospital of Nanjing Medical University, Nanjing, China. Patients with UC who underwent FMT at our center from November 2012 to September 2018 were included in the study. The last follow-up was completed on January 1, 2019. Inclusion criteria were patients who were diagnosed as UC by a combination of typical clinical symptoms, endoscopic, and histological criteria for at least 6 months; patients with mild, moderate, and severe active UC (Mayo score from 3 to 12); patients who did not achieve satisfactory efficacy from the previous medications; and patients who provided informed consent. Patients were excluded if aged younger than 14 years, accompanied by other severe diseases, including other intestinal diseases, e.g., *Clostridium difficile* infection, malignant neoplasm, cardiopulmonary failure, serious liver and kidney disease, and follow-up less than 3 months. Patients who underwent the first course of FMT and did not have serious AEs were allowed to have the second course of FMT. In clinical practice, the clinicians suggested that patients who achieved clinical response from the first course of FMT should undergo the second course of FMT before disease relapse to maintain the long-term clinical benefits. The patients who did not achieve response from the initial FMT were suggested to undergo FMT again. However, when and whether to undergo the next course of FMT depend on patients\' own decisions.

Study design {#s2-2}
------------

This is a prospective, observational, and cohort study of FMT in patients with UC. All eligible subjects provided written informed consent before participation in this study. The primary endpoint of this study was the maintaining time of the first and second courses of FMT. The secondary endpoint was the alterations of the gut microbiota. Corticosteroids were asked to be gradually cut down until stopped within at least 1 week before FMT. 5-Aminosalicylic acid was a sustained treatment before and after FMT if there was no allergic response to this medication. Other medications were asked to be stopped within 72 hours before FMT. The usage of probiotics was prohibited after FMT. The antibiotics were not advised to be used at random before conducting and communicating with the clinicians.

Donor screening and FMT procedure {#s2-3}
---------------------------------

Patients could have a choice to self-identify their relatives or friends as donors at the early stage of the study. The unrelated universal donors aged from 6 to 24 years old were selected from China fecal microbiota bank, and they were screened by strict exclusion criteria, which had been described in detail in our previous reports ([@R9],[@R13],[@R24]). After April 2014, the methodology of FMT was coined as washed microbiota transplantation (WMT), which is dependent on the automatic microbiota purification system (GenFMTer; FMT Medical, Nanjing, China) and washing process in a laboratory room with safety level 3 ([@R25]). The methodology of WMT has been released as a consensus statement in 2019 ([@R26]). From the process of feces defecation until the fresh bacteria infused into the in intestinal tract of patients should be done within 1 hour.

Single FMT through gastroscopy was performed from 2012 to 2014 in this population. With increasing needs of frequent FMTs (multiple FMTs), 2 types of transendoscopic enteral tubing (TET) (FMT Medical, Nanjing, China), including colonic TET and mid-gut TET, were used for delivering washed microbiota suspension in practice since 2014 ([@R27],[@R28]). Owing to potential failure to hold the microbiota suspension in the colon for enough time, the suspension (fresh or frozen) is not permitted to be delivered through colonic endoscopy channel or enema in our protocol.

Maintaining time of the efficacy and safety assessment {#s2-4}
------------------------------------------------------

The clinical efficacy of all patients was assessed at the point of week 1, week 4, week 12, and every 3 months after the initial FMT. Partial Mayo score that includes stool frequency, rectal bleeding, and physician\'s assessment was used to evaluate the clinical efficacy of FMT in UC. Clinical response in UC was defined as a decrease of partial Mayo score ≥3 and ≥20% from baseline plus a decrease in the rectal bleeding subscore of ≥1 or rectal bleeding subscore of ≤1, and clinical remission was defined as partial Mayo score ≤1 ([@R29]). Relapse was defined as partial Mayo score ≥2 after achieving clinical remission and an increase of partial Mayo score ≥1 after achieving clinical response ([@R30]). The median maintaining time of the efficacy from FMT was calculated by the survival curves analysis, which we considered as the optimum timing of the following course of FMT. AEs Common Terminology Criteria for Adverse Events (version 5.0) was applied to describe the intensity and relativity of AE with FMT. Only FMT-attributed AEs were reported in the study, including definitely, probably, and possibly related AEs.

Sample collection {#s2-5}
-----------------

A total of 61 stool samples for microbiota analysis were collected from 41 participants, including 22 patients with UC and 19 respective donors (3 samples degeneracy). Each donor provided a single stool sample. Forty-two UC samples were included: 22 samples at baseline and 20 at 5 days after the first course of FMT.

16S ribosomal RNA gene sequencing and analysis {#s2-6}
----------------------------------------------

Stool samples were collected by professional nursing staff working and stored at −80°C until shipping to the HRK-biotech laboratory for DNA extraction and sequencing. All microbial DNA was extracted from stool samples. Bacterial 16S ribosomal RNA (rRNA) gene sequences were PCR amplified that used bar-coded primers for the V4--V5 hypervariable region by the Phusion High-Fidelity PCR Master Mix with HF buffer (New England Biolabs, England). Products from each sample were mixed at equal molar ratios and then sequenced using the Illumina MiSeq platform (Illumina, Inc., San Diego, CA), which followed standard Illumina sequencing protocols.16S rRNA gene sequences were analyzed using a combination of software: mothur, UPARSE, and R. Operational taxonomic units were clustered at 97% similarity and filtered using the UPARSE pipeline.

Statistical analysis {#s2-7}
--------------------

The data were analyzed by SPSS Statistics (SPSS, Chicago, IL) or GraphPad (version 5; GraphPad Software, San Diego, CA). Normally distributed continuous data were expressed as mean ± SD. The Wilcoxon rank-sum tests and paired-samples *t* tests were used to analyze differences between 2 paired groups. Classification variable was analyzed by χ^2^ tests. More than 2 groups were analyzed by analysis of variance tests. A 2-tailed *P* value less than 0.05 was considered statistically significant.

RESULTS {#s3}
=======

Study population {#s3-1}
----------------

This single-center study included 202 eligible patients who underwent the first course of FMT from November 2012 to September 2018 (Figure [1](#F1){ref-type="fig"}). Twenty-six patients were lost to follow up. Clinical data of 176 patients was collected during the procedure of FMT and long-term follow-up.

![Flowchart of the study. FMT, fecal microbiota transplantation; UC, ulcerative colitis.](ct9-11-e00224-g001){#F1}

Of these, 122 patients who achieved clinical response at 1 month after the first course of FMT were included in the analysis for maintaining time of efficacy. Among 122 patients, 22 patients had sustained response until January 1, 2019 (the terminal point of follow-up), without undergoing the second course of FMT, 77 patients had disease relapse before the second course of FMT, and 23 patients underwent the second course of FMT before disease relapse for consolidation. We calculated the median maintaining time of efficacy from the first course of FMT in 99 patients, including 22 patients with sustained response and 77 patients with disease relapse.

There were 60 patients, including 23 patients without disease relapse and 37 patients with disease relapse before the second course of FMT, undergoing both first and second courses of FMT among 122 patients. We calculated the median maintaining time of efficacy from the second course of FMT in 24 patients who had response from FMT and had disease relapse before the third course of FMT.

Patient characteristics {#s3-2}
-----------------------

The characteristics of all 122 patients who achieved response were shown in Table [1](#T1){ref-type="table"}. The median follow-up was 25.5 months (IQR, 11.75--43). The median age of patients was 36 years (IQR, 29.0--49.25), and the median disease duration was 5.0 years (IQR, 2.0--8.0). 58.2% (71/122) of patients were men. 92.6% (113/122) of patients belong to moderate and severe. 89.3% (109/122) of patients had used mesalamine, 66.4% (81/122) had used corticosteroids, 29.5% (36/122) had used cyclosporine/azathioprine, and 6.6% (8/122) had used antitumor necrosis factor agents.

###### 

Characteristics of 122 patients with UC

![](ct9-11-e00224-g002)

  Variables                                Results
  ---------------------------------------- ------------------
  Age (yr, median \[IQR\])                 36 (29.0--49.25)
  Sex, male, % (n/N)                       58.2% (71/122)
  Disease duration, (yr, median \[IQR\])   5.0 (2.0--8.0)
  Partial Mayo score, median (IQR)         7 (5.0--9.0)
  Mayo endoscopic subscore, % (n/N)        
   Score 1                                 6.6% (8/122)
   Score 2                                 14.8% (18/122)
   Score 3                                 78.7% (96/122)
  Disease severity, % (n/N)                
   Mild                                    7.4% (9/122)
   Moderate                                47.5% (58/122)
   Severe                                  45.1% (55/122)
  Extent of disease, % (n/N)               
   E1, Proctitis                           4.9% (6/122)
   E2, Left-sided colitis                  29.5% (36/122)
   E3, Pancolitis                          65.6% (80/122)
  Treatment history, % (n/N)               
   Mesalamine                              89.3% (109/122)
   Corticosteroids                         66.4% (81/122)
   Cyclosporine/azathioprine               29.5% (36/122)
   Anti-TNF antibody                       6.6% (8/122)
  History of intestinal surgery, % (n/N)   9.8% (12/122)
  Current smoker, % (n/N)                  10.7% (13/122)
  Delivering route, % (n/N)                
   Gastroscopy                             43.4% (53/122)
   Mid-gut TET                             16.4% (20/122)
   Colonic TET                             40.2% (49/122)

IQR, interquartile range; TET, transendoscopic enteral tubing; TNF, tumor necrosis factor.

Maintaining time of the efficacy and safety assessment {#s3-3}
------------------------------------------------------

Among 176 patients, at 1 week, 1 month, 3 months, and 6 months after FMT, the rate of clinical response was 48.9%, 69.3%, 49.4%, and 32.7%, respectively, and the clinical remission rate was 25.0%, 34.1%, 33.0%, and 24.0%, respectively.

The median maintaining time of the efficacy from the first course of FMT in 99 patients was 120 days (IQR, 45--180) (Figure [2](#F2){ref-type="fig"}a). In addition, the median maintaining time of the second course of FMT in 23 patients for consolidation was 415 days (IQR, 255--780), which was significantly longer than the maintaining time of the 99 patients (*P* \< 0.001) (Figure [2](#F2){ref-type="fig"}a). The median maintaining time of the second course of FMT in 24 patients was 182.5 days (IQR, 105--311.25) (Figure [2](#F2){ref-type="fig"}b). Compared with the maintaining time of the first course of FMT, the second course of FMT represented a trend of longer maintaining time (*P* = 0.067) (see Figure, Supplementary Digital Content 1, <http://links.lww.com/CTG/A359>). The partial Mayo scores of the 99 patients at various visits before and after the first course of FMT are shown in Figure [3](#F3){ref-type="fig"}a. A significant decrease of the partial Mayo scores at 1 week and 1 month after the first course of FMT was observed compared with the baseline (*P* \< 0.0001). At the time of losing response, the partial Mayo scores increased remarkably compared with that at 1 week and 1 month after the first course of FMT (*P* \< 0.0001). The 24 patients\' partial Mayo scores at different visits before and after the second course of FMT are exhibited in Figure [3](#F3){ref-type="fig"}b. The partial Mayo scores increased significantly before the second course of FMT compared with that at 1 month after the first course of FMT (*P* \< 0.0001).

![Maintaining time of the efficacy from FMT. (**a**) The maintaining time of the first course of FMT in 122 patients with UC. Compared with the maintaining time of the NCT group (n = 99), the CT group (n = 23) achieved longer maintaining time significantly (*P* \< 0.001). The median maintaining time of the first course of FMT in the nonconsolidation group was 120 days (IQR, 45--180). (**b**) The maintaining time of the second course of FMT in 24 patients with UC. The median maintaining time of the second course of FMT was 182.5 days (IQR, 105--311.25). Kaplan--Meier survival curves were used to describe the time for relapse. *P* value less than 0.05 was considered statistically significant. CT, consolidation treatment; FMT, fecal microbiota transplantation; NCT, nonconsolidation treatment.](ct9-11-e00224-g003){#F2}

![The partial Mayo scores at various visits. (**a**) The partial Mayo scores of 99 patients before and after the first course of FMT. (**b**) The partial Mayo scores of 24 patients before and after the second course of FMT. More than 2 groups were analyzed by the ANOVA test. *P* value less than 0.05 was considered statistically significant. Significance levels: \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001, and \*\*\*\**P* \< 0.0001. ANOVA, analysis of variance; FMT, fecal microbiota transplantation.](ct9-11-e00224-g004){#F3}

No serious AEs associated with FMT were observed during and after FMT among 182 courses of FMT. During the follow-up period, 43 AEs were observed in 33 patients with the rate of AEs to be 18.1% (33/182) (see Figure, Supplementary Digital Content 2, <http://links.lww.com/CTG/A360>). AEs from 90.9% (30/33) of patients occurred within 1 month after FMT. Increased frequency of defection, fever, rash, and abdominal pain showed a higher incidence among all AEs. Most AEs were self-recovered without medication use in the short term.

The dysbiosis of gut microbiota in UC {#s3-4}
-------------------------------------

Analysis of alpha diversity revealed that both the diversity and the richness (calculated in the Shannon evenness, Chao 1 index) were significantly lower in patients with UC before FMT than the donors (*P* \< 0.001) (Figure [4](#F4){ref-type="fig"}a, b). Analysis of the *beta* diversity calculated by multidimensional scaling, canonical analysis of principal coordinates (Figure [4](#F4){ref-type="fig"}c, d), and heat map (see Figure, Supplementary Digital Content 3, <http://links.lww.com/CTG/A361>) represented that gut microbiota community of pre-FMT samples was apart from that of donors. There was a trend that alpha and beta diversities of the post-FMT samples were analogous to the donors (Figure [4](#F4){ref-type="fig"}), which indicated that the dissimilarity between patients with UC and the donors lessened after FMT.

![The diversity of microbiota in donors and patients with UC before and after FMT. (**a** and **b**) *Alpha* diversity was calculated by Shannon evenness and Chao 1 index. The donors\' and post-FMT patients\' samples were compared with pre-FMT patients\' samples. (**c** and **d**) *Beta* diversity was calculated by MDS and CAP coordinates. Each dot stands for 1 sample. *P* value less than 0.05 was considered statistically significant. Significance levels: \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001, and \*\*\*\**P* \< 0.0001. The number of samples: donors (n = 19), patients with UC pre-FMT (n = 22), patients with UC post-FMT (n = 20). CAP, canonical analysis of principal; FMT, fecal microbiota transplantation; MDS, multidimensional scaling; UC, ulcerative colitis.](ct9-11-e00224-g005){#F4}

The relative abundance of *Enterococcus* was relatively higher in the pre-FMT samples compared with the donors (*P* \< 0.05) (Figure [5](#F5){ref-type="fig"}). In particular, the genus *Enterococcus* was with an extremely low abundance in the donors, and it was undetectable in most of donors (Figure [5](#F5){ref-type="fig"}). The relative abundance of *Anaerostipes*, *Bifidobacterium*, *Clostridium_IV*, *Coprococcus*, *Eubacterium*, *Odoribacter*, *Roseburia*, and *Ruminococcus*, which were regarded as the SCFA-producing bacteria, were remarkably lower in patients with UC compared with the donors, suggesting that SCFA production was diminished in patients with UC (*P* \< 0.05) (Figure [5](#F5){ref-type="fig"}). The relative abundance of *Holdemania* at 5 days after FMT increased significantly in patients with UC (*P* \< 0.05). In addition, the relative abundance of *Anaerostipes*, *Bifidobacterium*, *Clostridium_IV*, and *Odoribacter* at 5 days after FMT was analogous to the donors. The detailed composition of gut microbiota in patients and donors was represented in Figure (see Supplementary Digital Content 4, <http://links.lww.com/CTG/A362>).

![Nineteen significant differential genera between patients with UC and donors. Differences were analyzed by the Kruskal-Wallis test. *P* value less than 0.05 was considered statistically significant. Significance levels: \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001, and \*\*\*\**P* \< 0.0001. (**a**) Pre-FMT vs donor, (**b**) Post-FMT vs donor, and (**c**) Pre-FMT vs post-FMT. The number of samples: donors (n = 19), patients with UC pre-FMT (n = 22), patients with UC post-FMT (n = 20). FMT, fecal microbiota transplantation; UC, ulcerative colitis.](ct9-11-e00224-g006){#F5}

Gut microbiota predicted the efficacy of FMT in UC {#s3-5}
--------------------------------------------------

In the present study, the partial Mayo scores of the 22 patients who were chosen randomly from the 176 patients were shown in Figure [6](#F6){ref-type="fig"}a. 31.8% (7/22) of patients achieved clinical remission and experienced sustained response (at least 4 months) to FMT.

![Microbiota related to the long-term efficacy of FMT in patients with UC. (**a**) The partial Mayo score of the 22 patients at various visits (pre-FMT, 1 week post-FMT and 1 month post-FMT). The 7 patients (boxed) achieved clinical remission and maintaining time was at least 4 months. (**b** and **c**) *Beta* diversity was calculated by MDS and CAP coordinates in the remission (R) and nonremission (NR) groups. Each dot stands for 1 sample. (**d**--**f**) The relative abundance differences of genera *Eggerthella* (r = 0.542, *P* = 0.014), *Lactobacillus* (r = 0.471, *P* = 0.036), and *Ruminococcus* (r = 0.523, *P* = 0.018) between pre-FMT and 5 days post-FMT were positively correlated to the long-term efficacy (4 months after FMT) significantly. *P* value less than 0.05 was considered statistically significant. The number of samples: Rdonor (n = 7), NRdonor (n = 12), Rpre (n = 7), NRpre (n = 15), Rpost (n = 5), and NRpost (n = 15). CAP, canonical analysis of principal; FMT, fecal microbiota transplantation; NRpre, genera in the nonremission group before FMT; NRpost, genera in the nonremission group after FMT; Rdonor, genera in the remission group of donor; Rpre, relative abundance of genera in the remission group before FMT; Rpost, genera in the remission group after FMT; MDS, multidimensional scaling; NRdonor, genera in the nonremission group of donor; UC, ulcerative colitis.](ct9-11-e00224-g007){#F6}

As shown in Table (see Supplementary Digital Content 1, <http://links.lww.com/CTG/A364>), the clinical factors that may affect the efficacy at 4 months after FMT were analyzed by univariate analysis. The age, sex, disease duration, partial Mayo score, Mayo Endoscopic subscore, severity, and extent of disease in patients at baseline did not affect the efficacy of FMT. Furthermore, the method of microbiota preparation, the form of bacterial material and delivery route in FMT procedure had no remarkable effects on efficacy. In donors, age, sex, and genetic relationship with the respective patients did not influence the efficacy significantly.

We devoted to exploring whether the relative abundance of genera at baseline and 5 days post-FMT in patients and donors affected the efficacy at 4 months after FMT. Analysis of the *beta* diversity calculated by multidimensional scaling and canonical analysis of principal coordinates (Figure [6](#F6){ref-type="fig"}b, c) represented that gut microbiota community of patients and donors in the remission or nonremission group could not be differentiated clearly. In Figure [7](#F7){ref-type="fig"}, the most interesting finding is that the relative abundance of *Eubacterium* and *Ruminococcus* with remarkable differences both in the remission and nonremission groups (*P* \< 0.001) before FMT compared with donors. Five days after FMT, the abundance of *Eubacterium* and *Ruminococcus* in the remission group increased and was close to the donors. However, a notable difference was still observed in the nonremission group compared with donors (*P* \< 0.001) (Figure [7](#F7){ref-type="fig"}). The 2 genera could be the critical genera to identify the efficacy of FMT.

![Comparisons of the 19 genera relative abundance between UC patients with sustained remission and nonremission from FMT. NRpre, genera in the nonremission group before FMT; NRpost, genera in the nonremission group after FMT; Rpost, genera in the remission group after FMT; Rpre, relative abundance of genera in the remission group before FMT. *P* value less than 0.05 was considered statistically significant. Significance levels: \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001, and \*\*\*\**P* \< 0.0001. The number of samples: donor (n = 19), Rpre (n = 7), NRpre (n = 15), Rpost (n = 5), and NRpost (n = 15).](ct9-11-e00224-g008){#F7}

To probe into whether the short-term changes of the genera abundance in patients after FMT were correlated to the long-term efficacy, the correlation was statistically analyzed by the Spearman rank correlation analysis. The differences of the relative abundance in genera *Eggerthella*, *Lactobacillus*, and *Ruminococcus* between pre-FMT and 5 days post-FMT in patients were positively correlated to efficacy (*P* \< 0.05) (Figure [6](#F6){ref-type="fig"}d--f).

DISCUSSION {#s4}
==========

Several studies have demonstrated that FMT could effectively induce clinical response and improve clinical symptoms in patients with active UC in a short-term period ([@R15],[@R18],[@R19]). Limited literatures have evaluated the sustained long-term benefits achieved from FMT. Therefore, how to maintain the long-term benefits of FMT in UC should be an essential question. The current real-world study aimed to explore the optimum timing of performing the second and third courses of FMT for patients with UC and dedicated to figuring out the alteration of microbiota resulted from FMT, particularly for those with the predictive role for the long-term therapeutic success or failure.

Only the patients who achieved clinical efficacy would consult the clinicians about when they should undergo the next course of FMT for maintaining long-term benefits, so the 54 patients who did not have response after FMT were excluded for the calculation of maintaining time. Thus, in total, 122 patients were included in the analysis of the optimum timing of the second course of FMT. Twenty-three patients who underwent the second course of FMT before disease relapse were excluded for calculating the maintaining time of the first and second courses of FMT because we could not make clear that whether the maintaining time of efficacy in the 23 patients was owed to the only first or both courses of FMT.

In the present study, the median maintaining time of the efficacy from the first course of FMT was 120 days (IQR, 45--180) and the second course of FMT was 182.5 days (IQR, 105--311.25). The results showed that patients with UC should undergo the second course of FMT in less than 4 months after the initial course of FMT and be performed the third course of FMT in less than 6 months after the second FMT for the long-term clinical benefits. The estimated optimum timing of the next course of FMT could be used to instruct patients to undergo the following course of FMT before relapse to maintain the long-term clinical benefits. Importantly, it is not necessary to perform over-frequent FMTs to avoiding the waste of medical resources and social burden. Recently, Sood et al. ([@R31]) reported that FMT as a maintenance therapy in patients with UC who are in clinical remission after the first course of FMT may be conducive to maintaining clinical, endoscopic, and histological remission in the long term.

Our present study revealed that the genus *Enterococcus* was highly enriched in the stool samples of the patients with UC at baseline when compared with the donors. Several studies have shown that the 2 species of it including *Enterococcus faecalis* and *Enterococcus faecium* could induce UC in interleukin-10 knockout mice ([@R32]--[@R35]). The genus *Enterococcus*, which was considered as a trigger of UC, may be a potential therapeutic target. Further studies should aim to confirm it.

A study conducted by Paramsothy et al. demonstrated that the relative abundance of the SCFA-producing bacteria, such as *Eubacterium hallii*, *Ruminococcus bromii*, and *Roseburia inulivorans*, and the production of SCFAs significantly increased in the remission group after FMT compared with the patients with UC who did not achieve remission from FMT ([@R18]). Interestingly, we also found that after FMT, the abundance of *Eubacterium and Ruminococcus* in the remission group increased and was close to the donors. Perhaps an increase in the relative abundance of the genera *Eubacterium and Ruminococcus* could improve the efficacy of microbial intervention by improving the production of SCFAs, which needs to be confirmed by further studies.

This study further explored the role of characteristics of short-term changes of microbiota after FMT on predicting the long-term clinical benefits. Hyams et al. ([@R36]) found that the development of personalized clinical and biological signatures held the promise of informing UC therapeutic decisions. Besides, Paramsothy et al. ([@R18]) proposed that the species *Eubacterium hallii*, *Ruminococcus bromii*, and *Roseburia inulivorans* could be the predictors of FMT therapeutic success or failure in UC. In the present study, we observed that the differences in the relative abundance of genera *Ruminococcus*, *Eggerthella*, and *Lactobacillus* between pre-FMT and 5 days post-FMT were remarkably correlated with the long-term clinical remission. This indicated that the higher abundance of the genera was exhibited at 5 days post-FMT, the higher possibility of the long-term remission could be achieved.

In addition, the *Eubacterium*, *Ruminococcus*, and *Lactobacillus* were widely regarded as SCFA-producing bacteria, which presented a significant decrease of relative abundance in patients with UC or rCDI and which could be improved by FMT ([@R37]--[@R39]). Interestingly, Yilmaz et al. reported that an increasing relative abundance of *Eggerthella* was associated with the successful outcome of tumor necrosis factor-α inhibitor therapy in CD ([@R3],[@R40]).

There were some limitations in the present study. The analysis of gut microbiota was only performed in limited patients and at the genus level. A scientific clinical predictive model should be established in further study. A larger sample size, randomized, and controlled study should be conducted to draw a more solid conclusion.

In conclusion, this study demonstrated that patients with UC could undergo the second course of FMT within 4 months after the initial course of FMT. These results will embark on the clinicians to consider sequential FMTs into practice as a long-term treatment strategy for UC. The relative abundance of *Eubacterium*, *Ruminococcus*, *Eggerthella*, and *Lactobacillus* of patients with UC may help to predict the long-term efficacy of FMT.
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